Background: The purpose of this study is to evaluate long-term outcomes of ligamentous repair rather than reconstruction for chronic thumb ulnar collateral ligament (UCL) injuries. Methods: Patients at least 15-years status-post repair of a chronic (greater than 6 weeks) UCL tear were contacted for clinical evaluation, radiographs, and postoperative outcome questionnaires, including the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, visual analog scale (VAS) pain scale, and study-specific questions. Twelve of 21 (57%) living patients were available for long-term, greater than 15-year follow-up (average 24.5 years, range 16.9-35.6). Results: Eighty-eight percent of patients had some degree of osteoarthritis. Increased age at the time of injury and higher DASH scores were correlated with increased grades of the thumb metacarpophalangeal osteoarthritis. Delay to treatment and VAS pain scores had no correlation with radiographic findings. Conclusions: Repair of a chronic UCL injury with available local tissue appears to be a reasonable alternative to ligament reconstruction, resulting in durable long-term outcomes despite the majority of patients progressing to osteoarthritis.
Introduction
The ulnar collateral ligament (UCL) of the thumb metacarpophalangeal (MCP) joint is a critical structure providing lateral and dorsal stability during activities that require grip and pinch strength. 12, 15, 20, 24, 33, 34 UCL rupture is one of the most common injuries to the thumb, which typically results in chronic joint instability, functional limitation in pinch, and persistent pain. An epidemiologic study by Moutet et al evaluated 1000 thumb MCP injuries and found that the UCL was damaged in 86% of cases. 27 It has also been estimated that the annual incidence of UCL injuries is approximately 50 in 100 000 individuals. 8 The original description of the chronic attritional form of UCL instability was termed gamekeeper's thumb because it was a frequent occupation injury of Scottish gamekeepers who repetitively used their thumbs to snap the necks of rabbits. 5 The more contemporary mechanism of injury is typically forceful radial deviation (abduction) of the thumb MCP joint and described as an acute injury rather than an attritional injury. These injuries are often described as athletic in nature, classically associated with skiing, but are also frequently seen in a variety of other athletes and those simply sustaining a fall onto the thumb or other forced radial deviation injury. 20, 31 Acute injuries in the absence of a Stener lesion (UCL displacement proximal and superficial to the adductor aponeurosis) may be treated nonoperatively 9, 10, 34 ; chronic UCL injuries, however, often present a more challenging management dilemma for the treating surgeon. 1, 24 Operative management of chronic UCL deficiency is generally considered indicated as chronic instability is felt to result in chronic pain and the development of MCP osteoarthritis.
Although the definition of chronic varies slightly depending on the source (typically described as being at least 3-6 weeks removed from the injury), 15, 20, 24, 31 some chronic tears, unlike acute tears, cannot be reliably treated nonoperatively. Furthermore, there are numerous surgical techniques described ranging from direct repair to complex reconstructions with free tendon grafts. The majority of the literature focuses on acute injuries and biomechanical studies comparing various repair or reconstruction techniques. There is a paucity of long-term outcome data for treatment of chronic UCL injuries. As outlined in a recent 2013 systematic review of the literature by Samara et al, the longest average length of follow-up in the literature for chronic UCL reconstructions is 75 months. 31 There is widespread belief that primary repair rather than reconstruction is contraindicated for chronic injuries; however, this has not been supported by rigorous scientific evidence. It has been our experience that many chronic injuries can still be managed by primary repair without autograft or allograft ligament reconstruction. Our null hypothesis is that patient satisfaction will be good in the long term after primary ligament repair, even in the setting of osteoarthritis or persistent instability; patients overall do well long term regardless of the treatment method or interval between injury and surgical intervention.
Materials and Methods
After institutional review board approval was obtained, a retrospective chart review of our institution's records was queried for patients who underwent primary repair of chronic, complete UCL injuries of the thumb prior to January 1998 to provide a minimum of 15-year follow-up. As a criterion for ligament repair rather than MCP joint fusion, all patients were free of preoperative osteoarthritis of the MCP joint. Exclusion criteria were any type of tendon reconstruction rather than primary ligamentous repair or any repair done acutely prior to 6 weeks.
Patients meeting inclusion criteria were then contacted and requested to return to clinic for a clinical evaluation, study-related questionnaires, and radiographs of the affected thumb. Clinical examination consisted of thumb MCP and interphalangeal (IP) joint range of motion, grip and pinch strengths, and also stability of the MCP joint to radial stress; stability was rated on a scale of 0 to 2. A score of 0 indicates MCP stability is normal compared with the contralateral, unaffected thumb; a score of 1 indicates slight UCL laxity with a retained endpoint compared with the contralateral side; a score of 2 indicates gross UCL laxity without an endpoint compared with the contralateral side. 20 Patients completed the DASH questionnaire and a visual analog scale (VAS) for pain, as well as a study-specific questionnaire. The study-specific questionnaire queried patients regarding their thumb injury and subjective perspective regarding their thumb outcome ( Table 1) . Static posteroanterior (PA) and lateral radiographs of the patients' affected thumbs were also obtained, which were used to measure joint subluxation and osteoarthritis. Arthritis was measured on a scale from 0 to 4, according to the Kellgren-Lawrence arthritis classification. 32 Examples of several cases are shown in Figures 1 through 4 .
Patients who lived too far away or were unable to return for clinical follow-up were mailed the DASH and the study-specific questionnaires. These patients were also mailed a digital goniometer with instructions on how to measure their thumb MCP and IP joint range of motions. These patients however did not receive a physical exam 1. What was the date and mechanism of your thumb injury? 2. Are you overall satisfied with your thumb (yes or no)? 3. Would you make the same decision again to have the same thumb surgery (yes or no)? 4. What percent (0-100%) of normal would you rate your thumb? 5. Do you have thumb numbness, stiffness, or instability (all yes or no)? 6. Are you able to use your thumb for normal activity? 7. Do you use pain medication for your thumb injury? 8. After surgery, were you able to return to work? If so, how long after surgery? Figure 1 . AP (a) and lateral (b) radiographs of patient 6 who was treated 15 years after injury with ligament repair using a suture anchor and transarticular K-wire.
Note. The radiographs demonstrate excellent alignment and only mild (grade 1) arthritis; however, the patient reports no pain, 100% normal function, and a DASH of 2.5. AP, anteroposterior; K-wire, Kirschner wire.
or radiographs. Statistical analysis included means, ranges, standard deviation, and Spearman correlation (r) coefficients.
Statistical Analysis
Data are reported in terms of means, ranges, and standard deviations. The student t test was used for noncategorical data, with a P value of .05 representing statistical significance. The Spearman rank coefficient was used to assess correlations between patient factors and outcomes.
Results
Twenty-four patients were identified as having had a primary repair (without reconstruction) of a chronic UCL thumb injury (>6 weeks) from July 1977 to March, 1996. Three patients were deceased and 8 were lost to follow-up. Twelve of the 21 (57%) of the living patients ( Table 2) were available for follow-up. The average postoperative period was 24.5 years (range 16.9-35.6). Nine of the 12 (75%) were available for questionnaire, clinical, and radiographic follow-up whereas 3 of 12 (25%) were available for questionnaire follow-up by mail correspondence only. There were 5 females and 7 males with an average age of 32 years (range 17-48) at the time of injury and 35 (range 17-48) at the time of surgery. The injury involved the dominant hand in 69% (9/13) cases. The average delay between injury and surgical treatment was 2.6 years (range 6 weeks to 15.2 years). All Note. The radiographs demonstrate significant radial translation and angulation, but only mild (grade 1) arthritis; despite the abnormal radiographs, the patient reports 75% normal function and denies subjective instability. AP, anteroposterior; K-wire, Kirschner wire. Note. The radiographs demonstrate slight radial angulation, but no arthritis (grade 0) and the patient reports 98% normal function with minimal pain. AP, anteroposterior; K-wire, Kirschner wire.
patients were therefore at least 6 weeks after injury (or chronic) at the time of surgery. No patients had significant MCP joint arthritis, which would have prompted an MCP fusion and precluded UCL repair. Patients close to 6 weeks and those with remote injuries all demonstrated subluxation preoperatively. These 12 patients were treated by 7 different surgeons who used a variety of techniques for UCL repair, including primary ligament repair, suture anchor repair, and bone tunnel repair (sutures passed through bone drill holes), all with or without transarticular MCP K-wire fixation. The above-mentioned techniques were used and when local tissue was used, this consisted of a remnant-retracted ligament and scar tissue that was mobilized. None of the techniques however used the use of allograft or autograft ligamentous reconstruction. Data from the study-specific questionnaire and their thumb range of motion testing are shown in Tables  3 and 4 , respectively.
Radiographic evaluation of the 8 patients who presented to clinic (excluding the 1 patient who went on to MCP fusion) demonstrated that only 3 patients had a PA radial deviation angle of more than 15°, with an average of 14.4° (SD 10.9). This one patient had a fusion for pain and instability in the setting of osteoarthritis. Five of 8 patients had some degree of radial translation, with an average of 3.0 mm (SD 2.6). None of the patients had volar translation or subluxation on the lateral radiographs. Seven of the 8 patients (88%) of the patients had some degree of osteoarthritis; 2 had grade 1, 3 had grade 2, and 2 had grade 3 osteoarthritis on the Kellgren-Lawrence scale.
A comparison of patients' clinical outcomes with their radiographic outcomes was also made using Spearman correlation analysis (Tables 5 and 6 ). Increased age at the time of injury and higher DASH scores were correlated with increased grades of the thumb MCP osteoarthritis. Coronal plane translation on radiographs had a negative correlation with total MCP joint motion and grip. Clinical instability was strongly correlated with increased radiographic coronal MCP angulation, but not MCP arthritis. Delay to treatment and VAS pain scores had no correlation with radiographic findings. Sixty-two percent of (8/13) patients were still working part-time or full-time using the affected hand at the time of latest follow-up. All 5 patients not working were retired, which was not related to the hand injury.
Discussion
Thumb UCL injuries are common and frequently present in a delayed or chronic fashion. The anatomy and biomechanics of the MCP joint as it pertains to these injuries is very well described in the literature. 2, 3, 6, 7, 11, 12, 14, 16, 21, 23, 25, 29 Although there are a large variety of options for reconstruction of the UCL, there is also evidence to suggest that there is no difference in outcomes after acute ligament repair versus chronic ligament reconstruction. 31 In July, 2013, Samora et al published their results of a systematic review of the literature analyzing all cohorts of thumb UCL injuries with at least 2-year follow-up in the English literature. 31 Their review identified 14 articles representing 293 thumbs with at least 2-year follow-up (average 42.8 months) after nonoperative, acute repair, and chronic UCL reconstruction. Those treated nonoperatively had a high failure rate of 34%; however, all were satisfied with their result at a mean follow-up of 32 years. There was no significant difference in patient-specific and injury-specific parameters between patients with successful and failed nonsurgical treatment. Both acute UCL repair and chronic autograft UCL reconstruction led to excellent clinical outcomes, without a significant difference between groups.
Currently there are no long-term outcome studies available in the English literature from which a surgeon may counsel his or her patients regarding the treatment for chronic UCL thumb injuries. The longest outcome data for both acute UCL repair and chronic UCL reconstruction are intermediate to short-term, ranging from 29 to 75 months. 31 The series by Lane et al has the longest follow-up on acute UCL repair with 32 subjects and an average length of follow-up of just 47 months. 19 This study reports 84% excellent results with 100% having restored stability and all patients able to return to previous sport. The series by Oka et al has the longest follow-up for patients treated with palmaris longus autograft for chronic UCL reconstruction with just 10 subjects and an average length of follow-up of 69 months. 28 This study reports 100% good to excellent outcomes, with 89% pinch strength and 90% motion.
Other studies report similar good to excellent results and short-term lengths of follow-up for both acute repairs 4, 10, 17, 18, 30 and late reconstructions. 13, 22, 26, 35 There are, however, no series longer than 6.3 years for either acute or chronic injuries, nor are their series reporting the outcomes after primary repair in the chronic setting. The results herein reported are therefore consistent with short-term outcomes in that 100% of patients in this cohort were satisfied with their affected thumb. These patients, however, vary from those reported in the literature in that they were all still satisfied despite 88% (Table 4 ) versus 67% on the clinical exam; this discrepancy reflects that many patients are slightly unstable (grade 1) on physical exam but do not notice it themselves. Thirty-one percent of patients noted some degree of numbness about the thumb, which was predominantly peri-incisional numbness on exam.
The advantages of this study are the long-term follow-up of at least 17 years with an average of 24-year follow-up for a cohort of patients treated with ligamentous repair rather than reconstruction for chronic UCL injury. This therefore represents the longest available outcome data in the literature for thumb UCL injuries. Another advantage of the study is that the majority (75%) of patients with follow-up data presented for a clinical examination and radiographs, which can be difficult in long-term outcome studies.
A major disadvantage of this study is the small cohort size of only 12 patients out of 21 living patients available for follow-up (57%). Another disadvantage is the large variety of surgeons and repair techniques utilized for this cohort varying from primary ligamentous repair using suture, to bone tunnels, to suture anchors. This variety however is not surprising given that the repairs were performed over a 19-year period from 1977 to 1996 by 7 different surgeons. However, all surgeons did primarily repair the ligament, thereby allowing us to study the outcomes of primary repair of the UCL in chronic situations. Future treatment of this disorder would likely benefit from a randomized prospective trial of 2 techniques by fewer surgeons with long-term follow-up. The measurement of thumb range of motion angles by patients with a goniometer sent by mail also presents another disadvantage of this study as there certainly is likely a large measurement error. However, detailed instructions regarding the use of the goniometer were sent to these patients that represents a very small portion of the cohort (3 of 12).
Thumb ulnar collateral injuries are common and may result in disability. Repair of a chronic UCL injury with available local tissue with or without joint stabilization appears to be a reasonable alternative to ligament reconstruction as it results in durable long-term outcomes in terms of overall pain relief, function, and patient satisfaction, despite a high rate of residual instability and progression to osteoarthritis.
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